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Gantlemon* 

Th@ purpose of this report Is to [detailed 



description, of the tests used asti 
laboratory, with a general si 

The scientific coats 
ties by laboratory and field i^ts 
within the last few y^mfe eu&d'%ha'' 
change and standariiza’^CSn.V it 
data may b^4f "%tui% hoi 



th| District'* 
result!. 


cdfcstrue** 


fill 

slopial^ 

edurj/£e still undorgoisj 
that this detailed 


V r and graphs ofythis report were prepared 
jointly by. Mr. C. B. Palmar, who had charge of the District's 
teetingi and*by Mr.*£». §• Sullivan, principal assistant to Mr. 


Palmar. 






IF. Harold I. food, Supervising Field Sngiaser for 


the District, was responsible for establishment of the soil test¬ 
ing laboratory and procedure} used. 

Respect fully aubraitted, 


Chief Engineer 
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particle from sliding over the other 





















Settlament in an earth fill daa is not important if it occurs 
in moderate amounts. It is evident that it is simply a further cejspact 
lag of the soil. If the soil is such that voidal space is low and in¬ 


ternal friction and cohesion high, very little settlement will take 


The Bureau of Public loads (9) finds that the moat stable soil 
is one that is well graded? that is, contains about 50 /» gravel, and ia 
the soil mortar, (that fraction passing the Mo, 10 sieve), 10% to 80jS 
sand, 10% to 20% silt, 5% to 1C$ clay. These proportions raay b® widely 
varied yet the soil will r@isa.in stable, providing the grading and the 
structure remain such that the fines will bind the coarse material to¬ 


gether, fill the voids and exhibit little or no capillarity. 

The forces which cause water to pass through a soil are, the 
head of water acting on the soil and capillary pressure, Darcy’s for¬ 
mula expresses the relation for flow due to the head. It is*- 

Q skis 

Where * 

Q as volume of flow per year in ou. ft, 

F a cross sectional area in sq. ft, 
s - hydraulic gradient in ft* per ft. 
k s coefficient of permeability in eu, ft, per yr, 
per sq. ft. under a hydraulic gradient of unity 


Thus the permeability coefficient is the criterion of imper- 
viousnees of soil. It is dependent upon the area of the channel® of 
flow and the resistance which those channels offer to flow. The chan¬ 


nels of flow are the voids existing between the particles. These velds 
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voldal space overcoming the advantage of a smaller cress “sectional, 
area of the flow tubes s and t® the capillary pressure existing in the 
small flew tubes of clay. For a discussion of Soil Mechanise, see the 
treatise by Dr, Tersahgi (10). 

Since capillary pressure varies inversely as the diameter of 
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placed will remain stable if it is impervious though subjected to eat- 
fid® moietur®, It is further noted, that a soil consisting of gravel, 
sand, silt and ©lay, is'stable when the voidal space is low, the same 
condition necessary for a low permeability coefficient* Soils consist¬ 
ing mainly of clay, silt, peat* diatoms, colloids and mica are imper¬ 
vious to gravity flow of water, but their high capillarity my cause 
them to become unstable, especially due to swelling. 

Therefore*, constructing a fill or using abutments of founda¬ 
tions that consist of gravel with a good soil mortar, results in an im- 







awm&L PURPOSE OF THS LABORATORY 


Before the dam eaa fee d@siga.ed, the general charaeteristics 
of the soil in the borrow pit area mast b© determined. This prelimi¬ 
nary testing wags done by the Paeific Hydrologic Laboratories of S&ri 
Francisco. They performed specific gravity, compaction, workability, 
grading and permeability tests. Since soil characteristics vary, wen 
in a small locality, it is necessary that a close control b® exercised 
over soil selection and placement while the fill is being' constructed. 

To accomplish this, the District established its own laboratory to func¬ 
tion during construction, using simplified and lass elaborate testing 
methods as given below. 

The functions of the District laboratory are divided into 
two divisions; the first dealing with soil tests; the second dealing 
with all testa other than soil. 

Under the soil division, the laboratory must determine* 

1, The grading of the soil in order to judge its suitability for the 
impervious or pervious section of the fill. 

2, The moisture content which the soil must have in order to be compact¬ 
ed to its maximum 'unit weight with the existing rolling equipment• 

3, The condition of the fill as placed, in regard to its compaction 


and moisture 









The grading of the sail is not a complete criterion of 
its suitability fer the Impervious or pervious 0 @eti.ona of the fill* 
However, as was seen above, it is the most important, as it determines 
the density to which the soil may be compacted, and the size of the 
flow tube®. Lane (1) of the Bureau of Roelamatioh has studied the 
grading of materials in existing earth fill dans. By performing numer¬ 
ous percola.ti.on tests on samples ©f the various materials, ami noting 
the behavior of these materials in. the dams, he has arrived at an ap¬ 
proximate limit of materials suitable for impervious sections of rolled 
earth fill dams, see Pig. 3* It was found, that the material whose 
grading is finer than the limit line is of such a nature that if com¬ 
pacted to. a dense mass, leakage through, it is small enough to prevent 
erosion. If the material contains a great amount of clay, capillarity 





DESCRIPTION OF THE, 


The first da® to b@ built was Vasona 










in an abandoned far® house near the Calero dam* The testing engineer 
then used this laboratory as headquarters. About the first of March 
exploration work was started at Coyote. A laboratory was established 
at Coyote under the direction of the Assistant Geologist, Roger Smitten, 
The reports of tests of all nature from. Coyote were handled by the 
Coyote laboratory, 

.Work at the Guadalupe and Stevens Creek sites started la. June, 
At that time an assistant was added to the laboratory staff. In. July, 
when work on roll fill began at both Guadalupe anti, Stevens Greek, the 
laboratory was moved from the Calero da® site to the Grant Building in. 
San Jose, so that it would bo more accessibly located. As work pro¬ 
gressed at Calero and Guadalupe, it was decided that moisture tests ©a 
fill. Material should be performed at the sites to insure closer control 
Hear the end of July facilities were installed at these sites to make 
moisture tests. A aan was placed in charge of those tests at each dam. 
When roll fill started at Almaden in August, moisture tests for that 
job were run at Calero until the completion of the Calero fill in Sep¬ 
tember, when they were then run at Almaden. The moisture taster at 
Guadalupe divided his time between Guadalupe and Almaden, With the 
completion of the Guadalupe fill in October all Almaden tests were par- 
formed at the San, Joe®' laboratory. All of the Stevens Creak tests were 
performed in San Jose, also. 

LABORATORY TSSTS AID PRQCiSDURS 
Compaction Test ?- Laboratory 

To determine the moisture content which the soil must conMitt 
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a© that it my be compacted to its greatest density, that is, its 
w critical moisture*, the following test is carried out s A repre¬ 
sentative sample of about 60 pounds is taken frost the borrow pit* 

The material is put through the following square screens! ine.li, 

I inch and 3/4 inch. The amount remaining on each after all lumps 
are broken is recorded in pounds and ounces to the nearest one-half 
ounce on the Fairbanks Scale, Ho. 528, The material passing the 
3/4 inch screen is quartered so that a sample weighing about a pound 
and a half is obtained. The sample is set aside for further screen¬ 
ing as will be explained later. The rest of the material is then 
put through the Ho, 4 Tyler Standard Screen. Cars must he taken 
that all lumps, are broken. The material passing the No. 4 is then 
fully dried in the Ivanhoe Oven, the baking pan© being used to hold 
the material. After drying it is allowed to cool so that it reco¬ 
vers its hydroscopic moisture. When coll, five pounds of the raster! 
is weighted out., a known amount ©f water is added, and this is mixed 
so that all the material has the same moisture. This moist material. 


is then placed in the compaction cup. The compaction cup is made in 
three parts 5 a base plat®, a cylinder and a collar. The cylinder hai 
















tieity of the soil. This plasticity is measured by a device known as 
a plasticity needle» It is built like a bicycle pump with a needle 
of known cross-sectional area screwed on the bottom. Pressing down 
on the handle stresses a calibrated spring,, forcing the needle into 


the soil. The pressure required to force the needle 00 that it gives 
a jump due to the pressure built up, or to force it about 2 inches 
into the soil, divided by the cross-sectional area of the needle, 
gives the penetration resistance in pounds per eq. is. The pressure 























compaction test was run at Calero about every 2,100 cu. yds. of fill, 
at Guadalupe ovary 3*000 cu. yds., at Sta vans Creek every 5*000 cu. 
yds., at ilmad.au ©very 2,200 cu, yds,, and at Coyote every eight hours. 
The inspector, or moisture tester, performed this test. 

Hoistura ; 

To obtain the maximum compaction it is essential as mas pointed 
out above, that the moisture eoittemt of the soil be closely regulated. 
The following method was used, to determine the moistures 

The material taken out of the hole in the field compaction test 
is quartered so that about a 9 lb* sample Is obtained, the size de¬ 
pending upon the rocks present. This sample is then sent to the field 
laboratory or the San. Jose laboratory, depending ©a the job, in a one 
gallon paraffined fibre ice cream container. Paraffined containers 
mere used to prevent lose of moisture. In the laboratory, the wet 
material is screened through the |A in* screen. That soil passing 
the 3/4 in. screen is quartered down to about l-J- lbs, and is called 
the moisture sample. The moisture sample Is carefully weighed on the 
Harvard balance to the nearest 0*10 gram and then dried out in the 
Ivanhoe oven for about twenty minutes. It is then allowed to cool 
and regain its hydroscopic moisture, after which it is again weighed. 

The loss in weight represents the moisture, or the percentage of mois* 
tore, which is calculated* 

w ~ w a 
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18 - 


w. 


x 100 



where s 

M a moisture in per cant of dry weight 
% S weight of moisture sample wot 
% s weight of moisture sample dry 
The moisture calculated by this method is the recorded mois¬ 
ture, and is called, the moisture coat eat of the fill. The object in 
screening the material through the 3/4 ia. sieve to obtain the mois¬ 
ture sample, is to obtain, a percentage of moisture that is 'based on 
as near similar conditions as that used in the laboratory compaction 
test where the moisture is calculated on material passing the Mo* 4 
sieve. The moisture necessary to lubricate fine material is much 
greater than coarse material due to its greater surface area per unit 
weight. To bass the moisture content on exactly the same conditions 
as used in, the laboratory compaction test, the sample would, hare to 
bo screened wet: through the Mo. 4 sieve, an operation that takes con¬ 
siderable tine due to the stickiness of the wet material. To speed 
















weighed to tha nearest one-half ounce on the Fairbanks Seale Ho. 528 
and recorded. The Material passing the 3/4 inch screen is quartered 
for the moisture sample. The mistur® test tuple 5 after drying, Gobi- 
lag and weighing is need for the remaining screening and sediment at iota. 
The dry moisture sample is screened through the 3/8 inch screen, and 
the following Tyler Standard Screens, Hoc, 4, 8 , 14, 28 , 41 , 100 ' and 
200 mesh. The amount remaining ©a each screen is carefully weighed 
®n the Harvard Balance to the nearest 0,10 gram and recorded. It is 
absolutely necessary in screening soil that all lumps be broken up so 
that the grading represents particle size. This is don© by hand for 
the material on and above the 3/4 inch screen. For that material be¬ 
low 3/4 inch tha following method is used 1 

After drying, the soil is placed in a baking pan and the larger 
lumps broken by tamping with a 2'’ x 4" post. This material is then 
screened through the rest of tha sieves. Many small lumps , however, 
remain on each screen, which must be broken. The small lumps on the 
3/8 inch, So, 4 and Ho. 8 screens are broken, by placing the material 
remaining on the screen in a baking pan, and crushing each leap by 
means of a garden trowel* The lumps smaller than the Mo. 8 ' are broken 
up by placing the material held on each screen in another baking pan 
.and grinding the material by means of the garden trowel from which the 
handle has been broken. The trowel is used,like an essayist's. pestle, 

Ik grinding and crushing, great care must be exorcised so that th® 
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minutes for the soil below 0.005 m.m. diamst er. The hydrometer is 
removed after the 40 second and 24 minute reading. As the hydrometer 
is calibrated at f*» a correction of 0 . 10 ' is added to the hydro¬ 
meter reading for every degree above &7° F., and subtracted for ©vary 
degree below 6?® f. 

The results of the screening and hydrometer tests ar® expressed 
as Guaulatig® percentage of dry weight retained for each size, the 
dry weight of the sample is determined by the moisture teat, consider¬ 
ing the 3/4 inch and larger rock as dry when received, as is dona for 


the field compaction test. The total dry weight of the sample is than? 


Shore, t 


% & ® c ¥ 



Wg a dry weight ©f sample from field 


W c a cumulative weight of material retained by 3/4 inch 
soreen 


Wp a weight of wet material passing the 3/4 inch screen 

M .» peroent of moisture as determined by the moisture 
teat 


The cumulative percentage for each size is plotted on forms as 
shown in Figure 3. la calculating these percentages it Hast be remsmr* 
bored that the percentage is based on the dry weight of the sample as 




Calero " " 3*>00 - m " 

Guadalupe " “ 4,500' w " * 

Stevens M M 6,200 * " “ 

Coyote - Every eight hours 
Twice as many saaples were taken fro® the impervious sectlens 
aa the pervious, except at Steven.® Greek where it was about equally 
divided. The time required to perform a single moisture, grading and 
sedimentation test is about four hours. 

Concrete Design and Testing s 

Concrete was designed using a combination of water-cement 
ratio and maximum density* The Generate aggregate was screened* and 
the grading of the large rock, small rock and sand obtained. Then by 
trial and error the proportions of each that should be combined to 
give maximum density was determined. The results were plotted on 
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strsaglits. The 1.S.T.M, standards were followed 
The concrete tests war# reported oh, forms shown 










compactions and grading curves of all tests for.the impervious and per¬ 
vious sections. This ms dons for the first, second and third thirds* 













ter compaction than tiie lojpervioue, 


is saataly due to 


ease with which 


the coarse material is coapacted, and that the grading of the pervious 
material approaches that ideal curve for maximal density for the given 
effective size. For imxiaua density the grading curve should be con¬ 


cave upward* 
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Almden s 
Oalsro s 
Coyote s 
Guadalupe * 
Stevens Creek. i 
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ties, -m the soil in, the lower section.. Procter (2) found that the 
dry weight par cubic foot of a soil under 10© feet of fill my in¬ 
crease as stuck as 10 pounds* 

PorBoabiliiy s 

No mthematical relation has been found between the physical 
properties of a conglomerate soil and its permeability coefficient* 
T@rssa.ghi (10) gives a relation between permeability coefficient, ef¬ 
fective sise and veidal space for clean sand anti for clay* bat these 
do not hold when sand and clay are mixed. However', it is known that 
the permeability coefficient does depend upon veidal space and grad¬ 
ing. This relation is complicated by the fact that the greater the 
percentage of fines, the greater the frictional resistance to flow in 
each flow tub®, but the total void..1 space also increases with per¬ 
centage of fines. There is no doubtthat there is an. optimum condi¬ 
tion where voidal space and frictional are combined in just the proper 
amount to give minimum flow. 

The results of Proctor’s tests indicate that collection is. 
more important for impervioussess than percentage of fines. The per 
Cent of total voidal space in any of the dams is not excessive* Galore 
dam, with the lowest compaction and. voidal space of 34*1$ and 21$ of 
material passing the I©. 200 slave, may be compared t© a sample of' 
Procter’s in which the material passed the !e* 20© sieve, the voidal 
space being about 31$ and 21*7$. Proctor, found that the permeability 
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cal properties of Proctor's sample are unknown, it doss give on in- 
dication of the permeability of Galore dam. Allowing a safety factor 
of 10, the permeability of Galero dam is still within the allowable 


limits, fhe percolation tests run by the Pacific Hydrologic Labora¬ 
tory indicate that the permeability coefficient is vary small for all 
material, bat aa exact, comparison cannot be made as the average grad¬ 
ing and compaction of the field tests ar® dissimilar to the grading, 
and compaction of the samples need by the Hydrologic Laboratory. The 
permeability coefficient of the impervious section of the other dams 
is no doubt less than Galero* 

For the pervious section, if compaction is considered, as it 
must be, besides the grading, there is evidence to show that the per¬ 
vious sections are, in reality, as impervious as the impervious sec¬ 
tions. As an example Proctor performed a permeability test on a sample 
in which Bfo of the material passed the No* 22 sieve, and the voidai 
snace was 26%. The neriaea.bil.itv eoefficient of this sample was 0.G1‘>6 





serious fault as many dams ar® built which have only an impervious 
section, and there is vary little chance for excessive pressure to be 
built up in the dam due to seepage. 

The most likely place for an earth dam to leak is between 
the foundation andabutments, and the fill, Thar© is a natural cleav¬ 
age plan® between the fill and the foundations or abutments. Seepage 
water tends to follow this path around the fill*. To prevent this, a 
cut-off trench, is used. The effect of tins cut-off trench in stopping 
seepage, provided it is filled with material suitable for the imper¬ 
vious section, is dependent upon the method of placing and the ma¬ 
terial in which it is placed. No laboratory tests are used to test 
the bond between the fill in the trench and the abutments» Great 
care is taken in filling the trench, and it is subject in all re¬ 
spects to 'the approval of the State Geologist. 

Stability 8 

The grading of the soil is a good indication of the stabili¬ 
ty of the fill, but it does not tell all of the Story* Comparing the 
grading of the soil in the District’s dams to the grading of soil in 
other successful dams (1) it is concluded that the grading is suitable 
for a stable structure, lone of the dams have an excess of one size 
particles, this allowing interlinking and a high internal friction. 

The clay content does net appear excessive, so swelling will be negli¬ 
gible, Proctor ran percolation and consolidation tests on soils con¬ 
taining much more clay than present in the District's soil, arid found 
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The pervious sections are more stable than the Impervious 
sect ions, as the soil mortar of pervious sections' approaches the 
grading set down by the Bureau of Public loads (7) for the most stable 
soil mortar. 

An indication of the future stability of the dams is given by 
the saturation moisture in the table on Pag© 30'® The saturation mois¬ 
ture is the moisture content the fill would have if all of the voids 
were filled with water. If no swelling takes place, this moisture is 
the maximum moisture content that the fill can have. In all probabili¬ 
ty, it will never roach that value due to consolidation and the diffi¬ 
culty of driving out the entrapped air. O&lero dam, with its rather 
low compaction, may absorb 18.7 % moisture, an increase of 5#7^« From 
the few tests performed by the plasticity penetration needle, it is 
difficult to determine if this moisture will cause loss, of stability. 

It is believed however, that it will not. Therefore, it is concluded 
for the fill that: 

1) The permeability coefficient of the impervious section is suffi¬ 
ciently low to prevent erosion or serious leakage, 

2) The permeability coefficient of the pervious section is as low as 
that of the respective impervious sections. 

3) The grading and compaction of the soil is such that the fill is 
stable and will remain so, the pervious section aore so than the 


Steel and Cement Teats* 


B©th of these Materials were tested in the usual manner as 
gives by the A.S.T.M. All of these test results met the specifica¬ 
tions. 

Co ncrete Tests * 

The method of design used, that is determining the aggregate 
nix by the use of the Maximum density curve and amount of cement by 
the fineness modulus, proved very satisfactory. The inspectors were 
able by means of the slump cone to control the water cement ratio. 

The contractors, in special cases, were allowed to vary within moder¬ 
ate limits the aggregate mix, so as to obtain the desired workability, 
but the water cement ratio was kept constant. Since the greatest yard 
age was poured on a slope, without forms except shreds, it was to the 
advantage of the contractor to pour a dry mix. The usual field mix 
used was, 1 part of cement, 2,8 parts of sand, 2,0 parts of small rock 
and 1.7 parts of large rook. With this mix and a consistency giving. 

a slump of 2 to 2$- inches, the average consistuncy, the test strength 
at 28 days was between 3,000 and 3,500 lbs. per sq. inch, well above 
the strength of 2,500 lbs, per sq. inch required by the specifications 

The use of the seven day test results to predict the 28 day 
results was also very satisfactory, as it gave the results very much 
sooner. On these projects the 7 day strength ms about 53$ of the 28' 
day strength. 

Since the concrete tests war® handled in accordance with the 
A.S.T.M, standards no new technique was developed. The strength found 
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fey testa war® usually greater than was to fee expected from the design 
data. 

Aggregates t 

As the aggregates,, for the most part, cam® from well equipped 
screening plants, very little change was found in the aggregate grad** 
lag. All aggregate tasted passed the specifications anal was of good 
quality, 

Humber of Tests s 

The number of tests made ara shown fey the table to fee found 
on the following page. 
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